Several types of mixed distribution are proposed and tested in order to determine the best model in describing daily rainfall amount in Peninsular Malaysia for the time period of 33 years. A mixed distribution is a mixture of discrete and continuous daily rainfall which included the dry days. The mixed distributions tested in this study were exponential distribution, gamma distribution, weibull distribution and lognormal distribution. The model will be selected based on the Akaike Information Criterion (AIC). In general, the mixed lognormal distribution has been selected as the best model for most of the rain gauge stations in Peninsular Malaysia. However, these results are greatly influenced by the topographical, geographical and climatic changes of the rain gauge stations.
Introduction
Flood and drought are the calamity that can cause by imbalance amount of rainfall and amount of runoff in the certain area. Flood happen when the amount of rainfall is greater than the outflow of water, while drought is vice versa. Both these disasters will give great impact to agriculture sector and cause death if the disaster is seriously befallen. Hence, by studying the characteristic of the rainfall, preparations to overcome these disasters can be done earlier in order to reduce any lose that occur. Hence, continuous researches interested on the distribution of hydrology have been carried out [1] [2] [3] [4] .
Modelling rainfall data can be distinguished into two parts: rainfall occurrence and rainfall amount. A model of rainfall occurrence is a model that provides a sequence of dry and wet days, while a model of rainfall amounts simulates the amount of rainfall occurring on each wet days [5] . Markov chain models are often used to fit the rainfall occurrence [6, 7] . On the other hand, two parameters gamma distribution, exponential distribution, weibull and lognormal are among the theoretical distribution used to fit the rainfall attribute [8] [9] [10] [11] [12] [13] . However, gamma distribution only models the amount of rainfall in wet days [14] .
In Peninsular Malaysia, studies on finding the best model for rainfall data had been carried out by several researchers. Mixed-exponential is the best fit distribution for hourly rainfall data among exponential, gamma and weibull [15] . While mixed lognormal is the most appropriate distribution for describing the daily rainfall amount compare to lognormal and skew normal [16] . Based on these studies, the mixed distribution is seemed more suitable in describing rainfall data in Peninsular Malaysia. Hence, mixed distributions are more suitable for Peninsular Malaysia [17, 18] . However, past studies that have been conducted in Malaysia, only considered rainfall amount on wet days, which does not following the nature of rainfall where there are days that do not rain at all. The importance of included the zeros (dry days) is the characterization of daily rain rate, drought, or climate change effects can by analyze [19] . To the best of author knowledge, the mixtures of two distributions which include the rainfall data for dry days and wet days have not yet been done in Malaysia. Hence the study proposes to investigate the concept of mixture of these rainfall data.
Study Area
Malaysia is located in Southeast Asia which has two land mass which separated by South China Sea. The land mass that on the Asian mainland is called Peninsular Malaysia and the other is East Malaysia with two states Sarawak and Sabah which located on the island of Borneo. The area of Malaysia is approximately 330,000 square kilometres and share border with Thailand (in the north), Singapore, Indonesia (in the south), Brunei and the Philippines (in the east). The weather in Malaysia is generally hot and humid due to its location which near to the equator. The climate between the east and west coasts are different due to two monsoon seasons that annually strike in Malaysia. The southwest monsoon occurs from May to August while the occurrence of northeast monsoon is during November to February. The periods between these two monsoons are named as inter monsoon seasons. Northeast monsoon usually bring heavy rain to east coast of Peninsular Malaysia. Compared to the northeast monsoon, the southwest monsoon is much drier throughout Peninsular Malaysia due to the Peninsular Malaysia is protected by Sumatran (Indonesia) mountain range. During the inter monsoons seasons, the west coast of Peninsular Malaysia will reach the maximum monthly mean rainfall. Generally, the annual rainfall in Malaysia is between the ranges of 2000 to 4000 mm with uniform temperature which ranged from 25.5˚C to 32˚C throughout the country.
Rainfall Data
The daily rainfall data used in this study were obtained from the Malaysian Meteorological Department and Drainage and Irrigation Department which contain the period of 33 years . Seventy rain gauge stations were chosen for this study. The quality of rainfall data was checked through the homogeneity test, which are the standard normal homogeneity test, Buishand range test, the Pettitt test and the Von Neumann ratio test [20] . The stations chosen were scatter around in the area of Peninsular Malaysia. The details about the stations are shown in Table 1 and Figure 1. 
Methodology

Modeling Rainfall Amount
Most of the data are either discrete or continuous. The characteristic of rainfall data is neither continuous component nor discrete component, but it is a mixture of both components. However, the rainfall data were often assumed as continuous values in which zero rainfall values were ignored. A mixed distribution was suggested by combining the discrete and continuous components [21] . For mixed distribution, given a random sample 1 , X 2 , , n X X  that containing m n  zeroes (dry days), the likelihood of the random sample with parameter; and p  is as follows:
where is the total of wet days, and is a parametric family distribution. Equation (1) does not represent the true likelihood if the data are dependent. The MLE of p is given as m f p m n  . In this study, four mixed distribution model were used to determine the appropriate model for rainfall characteristic in Peninsular Malaysia. The probability density function and the logarithm of the likelihood function of the four distributions will be described with X as the random sample for each distribution.  Exponential distribution is given as
where 0   is named as rate parameter or the scale parameter which determined the variation of rainfall amount series. By using (1), the likelihood of exponenttial distribution is shown below:
Then, solve the log likelihood function and the MLE for  is given asˆ1 x   . The same method is applied for others distribution in order to find their log likelihood function and MLE.  Use e The weibull distribution with two parameters is described as follows: 
To solve the nonlinear equation, the method known as Simple Iterative Procedure is employed [22] .  The probability density function for gamma distribution can be written as 
Goodness-of-Fit Tests (GOF)
GOF is used to determine the best model among the distributions tested in rain characteristic. In this study, AIC was used to select the best model. The model that attains the lowest AIC will be the best model among the competitive distribution. The result of AIC is directly dependent with the sample size of observation [23] . AIC is asymptotically effective and unbiased since the test is based on the maximum likelihood function and if the sample size is sufficiently larger than 30, the test will yield fairly accurate result [24] . The sample size of this study is greater than 30, hence AIC can be applied to determine the best model. The formula for AIC is given as
where is the logarithm of the likelihood function of the propose model and k is the number of parameters. ln L
Result and Discussion
This section is divided into two main sub-sections. The descriptive statistics for each of the seventy rain gauge stations will be discussed in the first sub-section followed by a discussion on fitting distributions in the second sub-sections.
Descriptive Statistics
The descriptive statistics in terms of mean, standard deviation, coefficient of variations (CV), skewness, the maximum amount of rainfall and number of wet days of the annual rainfall amount for each seventy rain gauge stations are summarized in Table 2 . Based on the values of descriptive statistics, the five highest mean rainfall amounts among the stations are Chui Chak (W10), followed by Kg Menerong (E06), Endau (E13), Selama (W02) and Pusat Kesihatan Bt. Kurau (W04). Due to the geographical locations of Selama, Chui Chak and Bt. Kurau stations which full of limestone bedrock, granitic hills and mine waste deposits (e.g. slime, tailings and mining ponds) [25] .
Lake is an indicator of high level climate and mountain also can affect the climate in the area [26] . These situations somehow contribute to the increase in total amount of rainfall in those areas. Lawin (W01), Ldg. Sg.Sabaling (W20), Raya Kangsar (W11), Guar Nangka (NW02) and Sitiawan (W09) are among the stations that received the lowest mean rainfall. Most of these stations are at the inland areas of Peninsular Malaysia in which the climate at these areas is less affected by the monsoons. The climate for most of the inland stations is relatively dry [27] .
In terms of CV, three of the stations (W12, W10 and SW09 stations) attain the highest CV among the other stations which in the range of 28% to 45%. These results the irregularity of the daily rainfall received by the stations. On the other hand, the alue of skewness is affect v by maximum amount of rainfall received by the stations. For example, the Genting Sempah (W17) station has the both highest maximum amount and skewness value. While in terms of number of wet days, rain always occurred at these areas. In addition, there is study indicated that the landslide often occur at area of Genting Sempah which had caused numbers of deaths and injuries [28] . Hence, some studies had been carried out to predict the landslide hazard [29] and debris flow [30] in Genting Sempah.
THE BEST FIT DISTRIBUTION OF THE RAIN GAUGE STATIONS IN PENINSULAR MALAYSIA
Due to the effect of northeast monsoon, the stations (E01, E02, E03, E04, E05, E06, E07, E08, E09, E10, E12, E13, E14, SW12 and W22 stations) that are at the east coast of Peninsular Malaysia receive high mean rainfall amount which are more than 2490 mm. Besides, the stations (NW14, NW15 and NW16 stations) located in island take in more rainfall amount than the stations (NW11, NW12 and NW13 stations) in mainland although the location of these stations are in the same neighborhood. Not only that, the stations (W12, W13, W14, W15 and W16 stations) situated in urban area also receive high rainfall amount. Hence, rainfall amount can be varying according to the surrounding of the area and monsoons. 
Fitting Distribution Based on AIC Criterion
The results of AIC values are displayed in Table 3 with the bolded values indicated the lowest AIC. The best fit distribution of the rain gauge stations are shown in Figure 2 . The mixed lognormal distribution is dominating other distributions as the best fitting distribution among the studied stations. 48 stations attained the lowest AIC values for mixed lognormal followed by 20 stations chosen for mixed gamma to describe their rainfall data. On the other hand, only 2 stations chose mixed weibull as the best fitting distribution. Of all distributions, the mixed exponential was never selected by any of the stations.
sure of the stations towards southwest and northeast monsoons could give impact in the result of the fitting of the distribution. The geographical sites, climatic changes and topographical of the stations also will be strongly affect the result.
Conclusions
The urge in finding the most appropriate fitting distribution for daily rainfall amount in Peninsular Malaysia is always the main interest in particular studies. The concept of included zero values into rainfall data for attain the best fit distribution in Peninsular Malaysia still commence among researchers in Malaysia. Several distributions have been tested and compare in this study to find the best fitting distribution. The distributions tested are mixed exponential, mixed gamma, mixed weibull and mixed lognormal distributions.
Most of the stations that are located at the east coast obtain mixed gamma distribution as their best model. It is possible that the distributions of rainfall data at these stations are influenced by the northeast monsoon flow.
Meanwhile the Chui Chak station (W10) and Sg. Lui Halt station (W19) are the only two stations acquired mixed weibull distribution as the most appropriate fitted distribution. These stations are located at the foot of the mountain and recorded relatively high mean rainfall amount, high in coefficient variation, low in skewness and low in maximum amount of rainfall. These characteristics of rainfall data may possibly suitable for the chosen fitted distribution.
The mixed lognormal distribution was the preferred best fitted distribution for the majority of the stations in Peninsular Malaysia which determined by Akaike Information Criterion. Mixed gamma distribution was the second favoured distribution followed by mixed weibull distribution. A big number of the stations in the east coast of Peninsular Malaysia were identifying mixed gamma distribution as the most appropriate distribution. In general, the distinction of elevation and the expo- These stations are greatly influenced by northeast monsoon. Mixed exponential distribution is the only distribution that has not been selected by any of the stations in describing the rainfall distribution. In conclusion, the rain gauge stations in Peninsular Malaysia are greatly swayed by their topographical, geographical sites and climatic changes which give great disparity on the rainfall distribution.
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